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SUMMARY

With the sponsorship of the Deputy Chief of Naval Material

(Procurement and Production) and the Commander, Naval Ship

Systems Command, the Logistics Management Institute was

-• requested by the Assistant Secretary of Defense (Installations

and Logistics) to undertake a task for the review of offices
of Supervisors of Shipbuilding, Conversion and Repair, USN

and Naval Plant Representatives. The task included a review

"and analysis of the organization, functional responsibilities,

interface relationships, workload trends, and staffing criteria

for those offices.

An interim report was issued to the Deputy Chief of Naval

i i Material (Procurement and Production) in October 1971 presenting

our conclusions and recommendations on organization, functional

responsibilities, and interface relationships.

This is our final report and covers the second phase of

L our review. The primary purpose of the second phase was to

develop quantitative staffing criteria for certain Navy

contract administration field personnel requirements. A

secondary purpose was to attempt to develop a planning tool

for internal Navy management use. The method used was a

statistical analysis of empirical data on staffing require-

ments for tie time period January 1967 through December 1971.

We have had only limited success in accomplishing those

purposes. We conclude that statistical review of historical

data is not an appropriate technique for determination of an

optimum staffing level for a specific office or for divisions

ii



within an office. Assuming, h.'wever, that the Navy continues

to manage its field contract administration services offices

in a manner similar to that used in the 1967-1971 time frame,

we developed equations which can be used, on a Systems Command

basis, to estimate future total contract administration person-

nel requirements.

In addition, the relationships presented in this study

can be used as the statistical bases for staffing criteria

in satisfaction of the requirements of OMB Circular A-11.

We believe that the methodology, analytical techniques, ahd,

UJ at least, some of the relationships can be used in the area

of productivity measurement. We recommend that the Systems

Commands have the flexibility to level out peak and slack work

periods by allowing them to operate within a reasonable range

IJ of the computed staffing level and that the relationships

presented in this report be periodically updated.

4
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S1ABBREVIATIONS

Throughout this report, a number of acronyis and abbrevia-
tions have been used. The following list is supplied to help

the reader with those terms with which he is not familiar.

SASPR Armed Services Procurement Regulation

CAS Contract administration services

p CI Confidence interval

CV Coefficient of variation

p L1I Logistics, Management Institute
MAT Naval Material Command Headquarters

V NAVAIR Naval Air Systems Command
NAVAIRINST Naval Air Systems Ccmmand Instruction

NAVMAT Naval Material Command

NAVORD Naval Ordnance Systems Command

NAVORDINST Naval Ordnance Systems Command Instruction

NAVPR the Naval Plant Representative

NAVPRO Naval Plant Representative Office

NAVSHIPS Naval Ship Systems Command

OCMM Office of Civilian Manpower Management-Navy

OMB Office of Management and Budget

OPNAV Office of the Chief of Naval OperationsI4.I
OPNAVINST Instruction issued by the Office of the Chief

"of Nhval Operations
2R2 Coefficient of determination'

SACAM Ship Acquisition Contract Administration Manual

SE Standard error

SUPSHIP Supervisor of Shipbuilding, Conversion and
. Repair, USN

SYSCOM Naval Systems Command
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I. INTRODUCTION

In December 1970, the Logistics Management Institute (LMI)

undertook the task of reviewing the organization, functional

assignments, workload, and staffing criteria of ffavy gAS

activities at the initiative of the Deputy Chief of Naval

Material (Procurement and Production). Only those offices

designated as a Supervisor of Shipbuilding, Conversion and

Repair (SUPSHIP) or Naval Plant Representative (NAVPRO) were

:: included. Other Navy offices designated as CAS components
L (Inspectors of Naval Material-Petroleum, Navy Fq@i Supply

Offices, Naval Regional Procurement Offices, Branch Offices I
of the Office of Naval Research, and Offices of Naval Research

* Resident Representative) were excluded from the study.

In March 1971, the task was amended to include the attempted
development of staffing criteria for Navy field CAS offices.

The Commander, Naval Ship Systems Command requested the amend-

V ment in order to assist that Command in meeting the requirement

for staffing criteria specified in Bureau of the Budget (now the

Office of Management and Budget) Circular A-lI, Section 13.3.

Vi' ,(Appendix A).

" of The original intent of the amended task was the development

of staffing criteria for SUPSHIP offices for inclusion in OPNAV

Instruction 5310.5A, "U. S. Navy Staffing Criteria Manual for
I Activities Ashore." (SUPSHIPS are not presently included in

that Instruction.) MAT 02 amended the NAVSHIPS request to

include a reevaluation and possible redevelopment of the NAVPRO

criteria shown in Section 71 of OPNAVINST 5310.5A.

," 1
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The project was conducted in two phases. From March

Sthrough October 1971, emphasis wox placed on the organizational-

and functional aspects of the task. The Commands and offices

specified in Section I.B.1. of the task order were visited and
jj £aLtl CAS supervisor was interviewed. In the field offices,

each department or division director was also interviewed. In

addition, visits were made to the appropriate offices in the

Office of the Assistant Secretary of Defense (Installations and

Logistics), the Directorate for Contract Administration Services

of the Defense Supply Agency, the Air Force Systems Command,

and the Air Force Contract Management Division.

On the basis of those interviews, a review of the organiza-
tion and functional assignments for CAS offizes was made and

submitted to MAT 02 in an interim-report issued in October,
1971.

This final report presents the results of the staffing

criteria piiase of the study. The major portion of the field

work indicated in Appendix B was performed in this phase. In

spite of the complete and thorough cooperation we received from

l all our study contacts, it should be recognized that any attempt

to identify significant empirical relationships in the area of

4/l human activity will probably yield a larger margin of error

than an analysis of physical or natural phenomena. The data
used in the study were heavily impacted by such qualitative

considerations as individual motivation, personalities of

supervisors and subordinates, orders from higher supervisory
echelons, etc. The subject of the significance of the data

I" - and results is discussed more fully later in the report.

A-I•. Prior to starting the second phase, the technique to be 0

used to develop staffing criteria was carefully reviewed with

6L
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the Navy. It was generally agreed that the most reliable deter-

mination of the number of personnel which should be in a CAS

office required the 'ise of industrial engineering techniques.

Because of practical manpower constraints, it was decided

that the next best alternative would be a statistical review

of empirical data over a specified time period. In addition to

1criteria for the total number of personnel in a field CAS

office, we were also to attempt to develop guidelines for the

u number of people in the various divisions/departments usually
found in a NAVPRO/SUPSHIP. C'hapters III and IV and Appendices C

through G detail the methodology, results, and recommendations

of that review.

The report assumes some reader familiarity with contract

administ~rtion services functions and basic statistical concepts.

* A list of abbreviations is provided for those less familiar with

the acronyms used in the report while the chapter on methodology

includes some background information on statistics.

lI
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II. ASSUMPTIONS AND LIMITATIONS

The use of statistical techniques on empirical data to

develop a planning tool imposes certain restrictions and

implies specific assumptions. .It is necessary to realize

~ the limitations of the analyses in order to place the results

in their proper perspective.

1. Comprehensiveness of Variables
The specific variables chosen for study were determined

by:asking each SUPSHIP/NAVPR and each department/division

Sidirector visited during the first part of the study to identify

measurable actions or indicators which he believed had an

impact on the work performed in his office. This list was

added to and modified through discussions with CAS personnel

at the headquarters level and through subjective analyses made

1nwithin LMI.

The variables for which we obtained data were, there-

gpQre, considered to be a reasonably complete list of significant,

quantifiable events and actions which indicate an office's

workload. Some data were not included in the study, such as:

a. quantifiable variables, common to all CAS

L• offices, which were considered insufficiently

significant to warrant their inclusion in the

final descriptive equation.

b. quantifiable variables which were unique

to one or a few offices and could not be applied

to the larger groups of offices for which re-V~i lationships were developed.

___ 4



c. qualitative variables which were excluded

from this study but which exert a significant1 impact on workload or the way in which the
-- workload is handled.

M Another significant assumption was that a linear or log-linear

H i model adequately describes the empirical data.
U

2. Causative vs. Associative Effects

In using regression analysis, one tries to examine the

f effect that some variable exerts on others and to find a

L functional relationship among the variables expressed as a

mathematical equation. A distinction is made between independ-

ent and dependent variables. The variable being "explained"

is the dependent variable. Independent variables are those

that are found to exert an influence on the dependent variable.

L! The relationship between the dependent and independent

variable may be either causative or associative. For the most

; part, the variables we used are associative in nature rather

than causative. For instance, "value shipped," one of the

independent variables studied, appeared to have a strong

correlation with the number of personnel needed to man an

L office. However, this is an associative variable. The fact

that some goods of definite value were produced by a contractor

does not, in itself, cause work in the government office. Rather,

the contract terms, the requirements of ASPR, and various pro-

curement rules and regulations define the amount of inspection

to be performed, the forms to be filled out, the reviews and

approvals to be made, etc. The value of the goods produced is

merely a convenient measure of the cumulative effects of all

the legal requirements which are the true causes oi the workload.
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LAn assumption in this study is that the variables

measured, though they may be associative, are reasonable

.Lmeasures of the work required to be performed by an office.

3. Representative Sampling

In the.Continental United States, there are 16 SUPSHIP

offices, 9 NAVAIR NAVPROs, and 6 NAVORD NAVPROs. Of these, we

visited 10 SUPSHIPS, 7 NAVAIR NAVPROs and 5 NAVORD NAVPROs.

LI Although the sample represents well over 50% of each popula-

tion, there is still some question whether each office should

j be considered as a part of a homogeneous organization or

whether it is sufficiently unique to warrant individual Consid-

LIeration. Various offices will differ because of the existence

of branch offices, bailed aircraft, floating drydocks, unique

LIproducts, special contractor relationships, etc.

We acknowledge the unique characteristics of the

various SUPSHIP/NAVPRO offices. We endeavored, however, to

Ii include most extremes within our range of observations. For

instance, we included large and small offices, repair and new

construction, conventional airframe, helicopter, and electronics

manufacturers, research and hardware-oriented offices, etc. We,

therefore, believe our sample to be representative of the manyL
types of offices found in the SUPSHIP/NAVPRO organizations.

4. Sample Size

I tThe limited number of offices in each SYSCOM popula-

" tion is too small to warrant the assumption of a normal distri-

bution for any sample of the offices.

We attempted to overcome the problem of sample size

by collecting data for ten points in time for each of the

F 41



7

selected offices. The initial regression equations were

computed from those data. We then recognized that a specific

time-observation is not completely independept of preceding

or subsequent observations. For'that reason we then limited

our sample size for analysis to three or four time periods

which are farther apartfrom each other in time and would

allow us to look at observations which did not have a direct

relationship with one another.. In this manner, we used a

minimum of-twenty sample observations per SYSCOM from which

new regression equations were computed. Since these equations

did not vary significantly from those using ten time points

and since we are not ignorant of the popuiation parameters

which the equations describe, we:are confident that the

sample sizc is adequate for describing the desired relation-

ships even though it may fall short of the requisite size for

normalcy.

5. Data Accuracy

A significant limitation is the expected accuracy

of the data used in the analyses. We endeavored to check,

edit, and verify all collected data to a reasonable extent.

Some obvious errors were corrected when found, and unofficial

records were used when they appeared to be more reliable or

were the only sources available. Errors were especially

prevalent for the 1967-1968 time frame. It must be recognized,

however, that some data might be erroneous because of misunder-

standina of definitions, incomplete or inaccurate records, or

human error. In addition, we believe that there was enough

inconsistency in the way records were maintained and reports

generated that an LMI recommendation on improved data retrieval

is appropriate although peripheral to the subject of this study.
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In order to conduct the analysis with the chosen

techniques, a proxy was required in those few instances where

no data were available on a variable for an observation. A

mean was inserted in those instances, as may be seen in

Appendix D.

6. Mission Consistency

A possible limitation which we encountered and one

which should be carefully considered in any future updating

of the data base is the consistency of mission definition

among similar offices. We found that some offices are

responsible for other than CAS functions. The dependent

variables (personnel) would, therefore, be inflated with

respect to the independent variables. In this study, we

adjusted the dependent variable (when possible) to account

for those added functions.

A related limitation occurs when an office is not

performing all of the CAS functions. In those cases, there

was no good way to adjust the independent variable, since none

of them was thought to be solely or exclusively related to

one department. This is a source of error in this study,

and management judgment should be used to modify the results

as they would appear to apply to such offices. This source

of error is not significant, however, when viewing total

SYSCOM staffing needs, so long 2s the SYSCOM is not required

to perform additional functions with the resources indicated by

the equations in this study.
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III RESULTS AND RECOMMENDATIONS

L The primary results of this study are the equations, noted

below, which describe the staffing relationships for CAS offices.

The equations were derived from data describing individual office

staff relationships. However, when the equations were used to

compute the staffing levels of individual offices, a wide

variance between the computed and actual levels was noted

(Tables 1 through 3).

Hf Because of these wide variances, it was believed that the

equations would yxeld better results (reduced variances) if they

were used only to describe the aggregate staff levels of an

entire Systems Command. A limited test of the equations which

aggregated the individual office results to the Systems Command

level (Tables 4 through 6) verifies that reduced variances are

realized when the computed staff levels are aggregated at that

level.

Ii The following equations should be considered in the context

that they provide an acceptable description of staffing require-

Li ments only at the Systems Command level.

A. SUPSHIP STAFFING CRITERI2.

SUPSHIP offices are not covered by formal staffing criteria

Ii in OPNAVINST 5310.5A. This does not imply, however, that

NAVSHIPS has not applied some informal criteria as a guide in

! I allocating billets. This LMI study indicates that a reasonable

correlation existed from 1967 through 1971 between progress

payments, changes processed, and staff levels. These relation-

ships are shown on Figures 1A and lB. It should be noted that

! 9
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a more rigorous presentation would show the confidence level

envelope on Figure IA with hyperbolic rather than linear bounds.

H The 68% confidence level at the mean would equal the standard

error. We have shown an envelope with constant boundaries

j equal to the standard error for the sake of simplicity.

Figure IA also plots the raw data corrected for the changes

Siprocessed. Table I lists the observed values, calculated

values ani variances for the original observations.

The algebraic expression for these relationships is:

L n n
L Y, (170.8 (log X,) + 0.013-X 2- 620)

where

Y. = Total computed personnel estimate (military and1

civilian) for the ith SUPSHIP office for the

projected time frame.

X = Annual rate, for the projected time frame, of

progress paymento and other payments (in thousands

of dollars) to contractors representing work

accomplished.

X Annual processing rate, for the rojected time
2

frame of changes, change orders, cost/price

proposals, contract or job modifications and

other contract changes requiring SUPSHIP

effort or review.

n = Number of SUPSHIP offices being estimated.
21This equation has a coefficient of determination (R ) of 0.75.

*1
iThe data on SUPSHIP 3 and SUPSHIP 4 were not user. in

calculating the relationship since those offices fall far
outside the range of observations.
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Table 1

SUMM OF DATA AND VARIANCES-SUPSHIPS

' Point l) No. of Personnel
Data omuted Actual Variance % Variance

13-2 124 105 -19 -18
13-6 155 127 -28 -22
13-9 149 109 -40 -36
14-2 65 63 -2 -3i 14-6 27 56 29 52
14-9 -7 50 57 114

IL15-2 377 364 -13 -4
15-6 376 360 -16 -4
15-9 427 383 -44 -11
16-2 307 415 108 26

S16-6 326 366 40 1.1
16-9 345 390 45 1.2
17-2 224 201 -23 -11
17-6 283 257 -26 -10
17-9 260 195 -65 --33
18-2 201 139 -62 -45

U 18-6 259 182 -77 -42
18-9 319 259 -60 -23

S19-2 188 179 -9 -5
19-6 222 204 -18 -9
19-9 244 222 22 10

Li 20-2 176 112 -64 -57
20-6 171 95 -76 -80
20-9 130 69 -61 -88L21-2 270 409 139 34
21-6 269 342 73 21
21-9 342 295 -47 -16
22-2 300 364 64 i
22-6 199 322 12M 38
22-9 206 253 47 19

NOTE:

(1) Data point designations reter to underlined
observations listed in Appendix Do
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B. NAVAIR NAVPRO STAFFING CRITERIA

IiThe major difference between NAVPRO offices (both for

NAVAIR and 1AAVORD) and SUPSHIP offices is that the amount of
variation in the staffing levels which is "explained" by the

regression equation (R2) is much greater for the NAVPROs.

(For NAVAIR NAVPROs, R2 equals 0.91.) We believe this

improved variation to be, in part, attributable to the

L fact that NAVPROs have been following a staffing pattern

based upon the criteria promulgated in OPNAV Instruction

ii5310.5A (Section 71).

That Instruction provides for government personnel as

i a function of "number of contractors' technical personnel, "
"number of contractors' direct personnel," "number of

h contractors' quality assurance personnel," etc. At the

start of our analysis, we found a high correlation between

"value shipped" and those variables noted abowe (we also

- collected data on the same variables). The methodology that

• h we used and summarized in Section IV.B., indicated that "value

shipped" provided a closer relationship to government personnel

I than those other variables. We, therefore, used the one

variable as a descriptor.

Figure 2 shows the graph of the equation for NAVAIR

NAVPROs, the data points used in calculating the relationship,

and the 68% confidence interval.1 Table 2 lists the observed

data, the calculated values and the variances for each obser-

vation. The equation dezcribed in Figure 2 is:

In nI, E l (39 + 0.00024X1) i

iii=l i=l i

1Note the comment on page 10 concerning the shape nf the
confidence limit boundaries.



IIwhere
Y. = Total computed personnel estimate (ailitary and

civilian) for the ith NAVA=R NAVPRO office for

the projected time frame.

x= Annual rate (in thousands of dollars), for the

projected time frame, of the-value of material

and goods shipped to the government from the

contractor's plant.

n Number of NAVAIR NAVPRO offices beL-.g estimated.

C. NAVORD NAVPRO STAFFING CRITERIA

As in the case of NAVAIR, staffing criteria for NAVORD

NAVPROs are also provided in OPNAVINST 5310.5A. The equation

describing their historical staffing relationships gives the

best "fit" (R2 =.92) of the three SYSCOMS. That can be

deceiving, however, in light of the coefficient of variation

(CV) of 25%. Figure 3 shows the plot of the original data,

1L the resulting equation and the limits set by one standard
1

error. - Table 3 lists the observed data, the calculated

values and the variances for each observation. The equation
is.-

n n

Y l (O.00081xl - 1).

where

Y. = Total computed personnel estimate Imilitary and

civilian) for the ith NAVORD NAVPRO office for

the projected time frame.

F 1 Note the comment on page 10 concerning the shape of theI •confidence limit boundaries.
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H Table 2

SUMMARY OF DATA AND VARIANCES--NAVAIR NAVPROs

I on No. of Personnel

Data Point(_ Comuted Actual Variance % Variance

6-2 228 229 1 0
6-5 248 247 -1 0
6-7 181 222 41 18
6-9 224 223 -1 0
7-2 101 93 -8 -9
7-5 84 95 -11 -12
7-7 98 78 -20 -26
7-9 81 76 -5. -7
8-2 291 292 1 0
8-5 283 296 13 4
8-7 248 285 37 13
8-9 234 214 -20 -9
9-2 86 133 47 35
9-5 i1l 128 17 13
9-7 187 11 -76 -68
9-9 122 il1 -11 -10

10-2 40 45 5 11
10-5 40 39 -6 -15
10-7 40 38 -2 -5
A.-9 42 37 -5 -14
11-2 130 127 -3 -2
11-5 186 183 -3 -2
11-7 195 178 -17 -10
11-9 ii 163 12 7
12-2 ill 135 24 18
12-5 130 125 -5 -4
12-7 138 120 -18 -15
12-9 154 119 -35 -29

NOTE:

(1) Data point designations refer to underlined obser-
vations listed in Appendix D.
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SX = Annual rate (in thousands of dollars), for the

projected time frame, of the value of material
and goods shipped to the government from the

contractor's plant.

n = Number of NAVORD NAVPRO offices being estimated.

D. CONCLUSIONS AND RECOMMENDATIONS

From the tests shown in Chapter IV, we conclude that the

equations developed for a group of offices are valid within

the established confidence limits and over the range of
values for which observations were made. Assuming that

the Naval Systems Commands make a conscious decision to
continue their past management practices for field CAS

{j offices, we recommend that:

1) The relationships determined by the regression

? LI equations in this report can be used by the

Naval Systems Commands as a management tool

|LI for projecting personnel staffing requirements.

2) The relationships of this study could be estab-

lished as the statistical bases for staffing

criteria in satisfaction of the requirements

of OMB Circular A-li.

U 3) The relationships set forth in this report should

be updated annually.

S4) The Systems Commands should have flexibility to

level out peak and slack work periods by allowing

them to operate within a reasonable range of the

computed staffing level. That range should con-

sider operational circumstances as well as the

fact that the equations describe "average"

offices.
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H Table 3

SUMMARY OF DATA AND VARIANCES-NAVORD NAVPROs

Pit 1 No. of Personnel
Data Point Computed Actual Variance % Variance

1-2 180 187 7 4
1-5 192 171 -21 -121-7 203 134 -69 -51

S1-9 173 128 -45 -35
2-2 68 32 -36 -113
2-5 61 32 -29 -91
2-7 71 29 -42 -145
2-9 73 41 -32 -78
3-2 350 334 -16 -5
3-5 350 386 36 9
3-7 376 381 5 1
3-9 341 379 38 10
4-2 58 88 30, 34
4-5 59 lbi 42 42
4-7 61 98 37 38
4-9 48 98 50 51
5-2 85 73 12 16
5-5 51 74 23 31
5-7 46 60 14 23
5-9 43 54 11 20

NOTE:

(1) Data point designations refer to underlined obser-
vations listed in Appendix D.

Li
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5) NAVMAT should critically review and standardize

the information gathering and. reporting processes

from the field offices.

The last recommendation is peripheral to the major con-

cerns of the study but we believe it to be appropriate. The

need for improved procedures was apparent to LMI during the

data gathering phase of the study. Improved and standardized

reporting procedures could provide a better understanding of

CAS office staffing' relationships..

We have not attempted to develop criteria on a detailed

position basis, as set forth in OPNAVINST 5310.5A. However,

relationships similar to those developed for an entire office

were determined for departments/divisions within an office

and are shown in Appendix F. Those relationships are- subject

to the assumptions and limitations di'scussed in Chapter IT,

as well as the other cautionary notes of this report.

However, as a starting point for future work by the Navy in

establishing staffing criteria for individual offices, it is

suggested that the staffing criteria in OPNAVINST 5310.5A

be reviewed for consistency with the relationships set

forth in this report.

A recent report of the Joint Economic Committee of the
1U.S. Congress discusses workload measurement and productivity

in the Federal sector. We believe that the methodology,

statistical techniques, and, at least, some of the relation-

ships developed and presented in this report can be us:d by

the Navy in meeting the recommendations of that report.

1
"*"Measuring and Enhancing Productivity in the Federal

Sector:" A Study Prepared for the Use of the Joint Economic
Committee of the Congress of the United States by Representa-
tives of the Civil Service Commission, General Accounting
Office and Office of Management and Budget, August 4, 1972.I
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* E. USE OF RESULTS

-- The equations presented in this report produce unmeaning-

" ful results when they are used to predict the staffing level

for a specific office under current management criteria.

"- The reason for this is that the equations describe the

average relationships for offices when, in fact, there are

no "average" offices. By definition, some offices must fall

above the mean and some below it. Hence we do not recommend

the use of the equations for predicting the staff levels of

a specific office without concurrent changes in management

controls and practices.

UWe can, and do, recommend that the equations be used for

estimating the total CAS office staff requirements for a

SYSCOM, since individual office variances from the mean tend

to cancel each other out when they are aggregated. Limiting

the application of the equ-,tions te the SYSCOM level recognizes

the fact that the SYSCOM is in a better position to estimate

the total independent variable than are the individual offices.

(For example, consider the case of two CAS offices estimating

the impact of the same anticipated procurement-which will be

awarded to only one contractor.)

The potential use of these equations could change, however,

if the Navy were to alter its management practices. One alter-

native could be that CAS managers may accept these, or similar,

equations as standards for all offices, permitting deviations

only by explicit permission. We do not presume to specify

or recommend such a specific policy standard since we

believe that to be a prerogative of the Systems Command

manager and should charge from one manager to another

depending on his specific objectives and interests.
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Chapter IV gives the results of testing the equations

for both individual and total CAS office staff predictions
S~under existing management practices. It shows the consider-

able improvement in variance achieved through aggregating

the individual office results. Even so, there are still

some differences between the computed and actual aggregate

L staff levels. The differences should not be disturbing

since the regression equation only provides a point estimate

of staffing levels given a point estimate for the independent

variable. But the independent variable estimate may change

Lifrom time to time in the course of a year. If followed to

the letter, this would require CAS management to hire new

staff or lay off people periodically throughout the year

to meet the dictates of each new estimate. In practice,

leveling of the workload is allowed by use of overtime,

temporary help, and training programs. We agree with this

LJ policy and recommend that the SYSCOMS present any point

estimate in the context of a range in which it proposes to

IL! manage. Hence, even though a SYSCOM might compute a specific

overall personnel requirement, it is reasonable that they

should expect to manage to within, say, 5 or 10 percent of

that estimate-given the same conditions and requirements

which existed in the prior five year period on which the

Sequation is based . Th e concepts of the standard error and

confidence interval, discussed in the next chapter, may be

L helpful in establishing a reasonable management range.



IV. SUNNiY OF I ODOLOGY .

This Chapter summarizes the methods and techniques

used in data collection, analysis, and testing. Detailed.

definitions of the statistical terms used in this Chapter

are provided in Appendix E.

Prior to presenting the methodology, it may be help-

ful to discuss and understand the concepts of standard
* error and confidence limits. The equations shown in this

report represent an average in an apparent relationship

between a dependent and one or more independent variables.
Since they are averages, one should expect to find approxi-

mately one-half of the data observations higher than cal-

culated from the equation and one-half lower.

In addition, since we observed only a sample of the

total population, it should be expected that the equations

would have changed, even though slightly, had we sampled

different offices or different time periods.

It is those valid changes in the equations for which:

the standard error and confidence limits provide boundaries.

Figure 4 provides a pictorial presentation of these con-

cepts.

24
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The standard error establishes a range in which the mean

relationship might fall if other sets of data had been taken.
One standard error (plus or minus) establishes the boundaries

SL. in which approximately two-thirds (68%) of relationships

based on samples of the population would fall. Approximately
two standard errors establishes the boundaries for 95Y% of the

v] mean relationships. (Note the comment on the shape of the
confidence limit boundaries in Section II. A.)

For example, if we were to repeat our data sampling proce-

dures 20 times and develop 20 relationships from the sampled

data, then 19 out of the 20 relationships would be within
two standard errors of our present results and 13 of the

20 relationships would be within one standard error.

A convenient way of measuring the relative importance of

a standard error (SE) is through the coefficient of variation

=I



Ii 26

(CV) which is defined as the standard error divided by the

mean of the dependent variable. In the area of staffing

criteria, a standard error of 50 with a mean ob!:r-ved

H staffing level of 200 would provide a CV of 0.25 for 25%).

The reader should also note that the range of observa-

tion is given for each set of results. While it is simply

the range of the collected data, it defines the boundaries

between which the results are statistically valid. Although,

in practice, it is reasonable to extend the relationships a

small distance beyond these boundaries, such an extension

should be made conservatively and with appropriate care.

A. DATA COLLECTION

Having determined the variables to be investigated for

significance as specified in Section II.1., we first attempted
to collect the information at the headquarters level. It

became quickly apparent that most of the information was

unavailable, unverifiable,or unr .iable. It was, therefore,

decided that visits to selected field offices would be needed.

Field offices to be visited were selected on the basis

of broad coverage of office size, type of contractor work

performed (new construction, repair, spares production),

and equipment produced. We attempted to be as consistent
as possible concerning definitions and data sources. In

many instances, however, data had to be developed from

individual contract files, internal office lecords or personal

files (especially for data in the 1967-1968 time frame). Defi-

nitions were not consistent and some data had to be subjectively

modified in an attempt to achieve consistency. Some data were

simply not available at either headquarters or field level.
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B. * ALSIS

Prior to the application of any statistical analysis, a

method of handling blanks (missing data) in the data matrix

and some general hypotheses on the homogeneity of the popu-

lation had to be developed.

The problem of missing data points was resolved by the
insertion of means. The approach enabled us to use avairable

Lcomputer programs to analyze the data that were available for

a time-observation for those variables wherea the data were

5. Umissing. Using subjective judgment of the specific variable

and the amount of missing data, the inserted means were

computed from preceding and subsequent observations, the

office for the entire time period studied, or tr2 entire

population for the total time period.

p Preliminary regressions and determinations of the standard
deviation were made on all the data to check on the homogeneity

of the population. The dispersion of the data led to further

testing resulting in a decision to consider the CAS offices

under each SYSCOM as separate populations. All results are

shown on that basis.

Three approaches were used on the data after modification

as noted above. They were: linear regression analysis;

curvilinear regression analysis (linear analysis of logarithmic
transformations of the variables); and a method best" described
as a graphical approximation to multi-variable non-linear

relationships. From an analysis of the residuals (the

The first two methods are adequately treated in any
standard text on statistical inference such as Applied
Regression Analysis, by N. R. Draper and H. Smith, Johiý Wiley
and Sons, Inc., New York, 1966. A complete exposition of the
graphical approximation method can be found in Methods of
Correlation and Regression Analysis, 3rd Editiov, by M. J. B.
Ezekiel and K. A. Fox, John Wiley and Sons, Inc., New York, 1959.
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difference between the actual and computed values of the

dependent variable), the graphical approximacion method did

not appear to be as useful as a combination of the first two

methods. Therefore, we dropped consideration of the graphical

method in subsequent analyses and concentrated on the develop-

ment of various linear and curvilinear relationships.

The preliminary regression analyses indicated that rela-

tively few of the variables studied provided any significant

historical relationship to actual staffing. The remaining

analyses were directed toward providing a maximum coefficient

of determination (R') and a minimum standard error (SE). To

achieve these goals, many subjective trade-offs had to be
made.

We also applied the Durbin-Watson statistic as a test

for serial correlation of the data and found a strong impli-

cation of serialization. In other words, the value of a

variable was influenced by its value in the previous time

period as well as by its relationship with another variable.
1 ~We were able to minimize th'e effect of serialization by

using three or four time periods rather than all ten. This

resulted in very minor changes in the equations and the

smaller sample size was accepted as being definitive for

the relationship.

The implication of this adjustment for future updating

of the equations is that time periods should be chosen so

that there are intervening time periods which are not

considered. For instance, an annual update could use data

from any one quarter only. Those data would be multiplied by

four to annualize them prior to applying the equations in this

report.
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In sumary, the analysis involved:

- 1. studying the scatter diagrams showing the raw

plots of the total personnel in an office versus

different independent variables to get an impres-

sion of the types of relationships involved.

2. analyzing the correlation matrix to see which

independent variables were correlated with the

dependent variables, and also which independent

variables were auto-correlated, i.e., were related

to one another. It is preferable to deal with

independent variables that are not related to

one another as more information can be extracted

from the results of the regression equations.

3L . running the step-wise regression program to

determine the most significant variables to
Lenter the regression equation.

L 4. using the t-test to test the coefficients for

significant difference from zero to determine

whether specific variables should be retained

in the equation.

i L 5. studying the analyses of variance table, F ratio

and R2 to determine the significance of the

contribution of an independent variable to the

coefficient of determination.

6. examining the standard error of the estimate of the

regression equation and placing 680% and 95% confi-

dence limits on the results.

7. application of the Durbin-Watson statistic to test

for serial correlation.

i.I
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¢° I
C. TESTNG

S�lA primary concern of the study was the development of

staffing criteria which could be used to estimate or pre-

dict future staffing levels for all offices--not only

those sampled.

We obtained staffing data on a total office basis from

SLthe Office of Civilian Manpower Management-Navy (0CMM) for

June 1972 as well as for the entire period of the study.

SThese data were used to test the results for prediction

purposes (Tables 4 through 6).

As the test results indicate, the regression equations

give unsatisfactory estimates of staffing needs on a

L specific office basis. Therefore, we do not recommend

their use for that purpose under current management practices.
It is also noted that at least two offices were outside

L the range of observation when test data were used. We
.have identified them separately to show how the equation

1Jwould have predicted their levels were it used outside

its relevant range. In general, the further from the range

of observation, the less reliable are the results. We would,

therefore, suggest that the data base be updated to incor-

porate these extreme observations before the equations
derived from it are used in describing the work relation-

[ ships of offices displaying such extreme data points.

L
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Table 4

u TEST OF SUPSHIP STAFFING CRITERIA

LI Dependent Variable: Total SUPSHIP Personnel
Equation: Total Personnel = 170.8 (log XI) + 0.013X - 620

X = Annual rate of progress payments (thous. of $)x1
X2 = Annual number of changes processed

Sp December 1971 June 1972(1) (2)

Offices Computed Actual Diff. 2 Computed Actual Diff.

LI 1 146 107 -39 -36 .150 102 -48 -47

2 344 397 53 13 484 426 -58 -14

3 334 322 -12 - 4 380 353 -27 - 8

4 349 388 39 10 322 396 74 19

L5 60 50 -10 -20 96 51 -45 -88

6 118 .188 70 37 150 (3) --

7 165 219 54 25 207 210 3 1

8 90 54 -36 -67 61 (3) -- --

9 221 290 69 24 205 317 112 35

10 142 225 83 37 149 187 38 20

Sub-
Totals 2240 271 12% 2042 49 2%

SOther
Offices(1) (2)

L11 - 3 126 129 (4) 71 118 47 40

12 -196 15 211 (4) no reports available

13 43 55 12 22 11 49 38 78

14 159 142 -17 -12 142 118 -24 -20

15 192 99 -93 -94 172 101 -71 -70

Sub-totals 296 -98 -33% 386 -10 - 3%

d Totals 2536 .173 7% 2428 39 2%

Eli
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n
NOTES:

(1) Military personnel estimates added to Ockm reportU (actual based on sample military to civilian ratio)

(2) :Data for changes were not available and a proxy was
substituted in the calculation.

Estimated changes-

(Sample mean of changes) X observed progress
(Sample mean of progress payments) payments

(3) Not listed in OCMM report.

(4) Independent variable outside of range of observa-
tion--not used in computing %.

f13
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IL Table 5

~~ii E OF (W AVAIR NAVPRO STA~FFING CRITERIA

Dependent Variable: Total NAVPRO Personnel
Equation: Total Pcrsonnel = 39 + 0.00024X1

1 = Annual rate of value of shipments (thous. of $)

December 1971 June 1972(i)

Sampled
Offices Comuted Actual Diff. • Computed Actual Diff.

1 112 219 107 49 197 239 42 18

2 80 77 - 3 - 4 72 85 13 15

3 266 220 -46 -21 217 231 14 6

4 116 108 - 8 - 7 108 111 3 3

5 41 35 - 6 -17 42 37 -5 -14

6 219 168 -51 -30 141 169 28 17

7 159 121 -38 -31 145 (2) -- --

Sub-Total 948 -45 - 5% 872 105 12%

Other Offices (1)

8 66 (2) -- -- (2) -- -- --

9 68 64 - 4 - 6 64 67 3 4

10 80 (2) -- -- (2) -- -- --

£ Sub-total 64 - 4 - 6% 67 3 4%

Total 1012 -53 - 5% 939 108 12%

NOTES:

(1) Military personnel estimates added to OCMM report as
noted on Table 4.

(2) Not listed in OC:4M report.
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U Table 6

TEST OF NAVORD NAVPRO STAFFING CRITERIA

Dependent Variable: Total NAVPRO Personnel
Equation: Total Personnel = 0.00081X1 - 15

U X1 = Annual rate of value of shipments (thous. of $)

December 1971 June 1972(1)

Sampled
Offices Computed Actual Diff. t Computed Actual Diff.

f 1 108 126 18 14 103 123 20 16

2 68 46 -22 -48 83 45 -38 -84

3 315 363 48 13 363 (2) .. ..

4 43 98 55 56 72 (2) .. ..

j 5 38 53 15 28 43 50 7 14

Sub-total 686 114 16% 218 -11 - 5%

i Other Offices (1)

6 85 137 52 38 67 132 65 49

UTotal 823 166 20% 350 54 15%

LiNOTES:
(1) Military personnel estimates added to OCIMM report as

noted on Table 4.

(2) Not listed in OCMM report.

3 L.

[..
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D. OTHER STATISTICAL FINDINGS

In additiou to the equations a id graphs given in the

previous Chapter, other statistical informatijg may be

useful to the reader in understanding the applicability of

the results. This is especially true when applying the

equation to an existing situation. Attention should be given

to the coefficient of variance and the confidence limits so

that the appropriate management judgment may be given during

a review of a SYSCOM's needs.

1. For SUPSHIP offices:

Equation:

Y = 170.8 (log XI) = 0.013X - 620 (defined on page 10).
2 12

R = 0.75

SE =63

"CV =27%

Means:

Y = 230

log X1 =4.9

X = 2352
2

Confidence limits:

68% = _163

95% = _t122

Range of observations:

X1 (thous. of $) $3,408 to $360,364

X = 34 to 9648

I
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2. For NAVAIR offices:

Equation:

Y = 39 + 0.00024X (defined on page 15).S2 1
R = 0.91

SE = 24

CV = 16%

Means:

Y =148

X (thous. of $) =$458,293

Confidence limits:

68% = +24

95% = +47

Range of observations:

X (thous. of $) = $5,822 to $1,195,946

3. For NAVORD offices:

Equation.

Y = 0.00081X - 15 (defined on page 15)

R = 0.92

SE = 36

CV = 25%

Means:

Y = 144

X1 (thous. of $) = $197,094

Confidence limits:

68% = +36

95% = +70

Range of observations:

X (thous. of $) = $78,012 to $479,600

z1
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LPaae 1

ASSISTANT SECRETARY OF DEFENSE
Washington, D. C.

Installations and Logistics DATE: 30 Mar 1971

TASK ORDER SD-271-147
(Task 71-8 Rev.)

1. Pursuant to Articles I and III of the Department of
_ Defense Contract No. SD-271 with the Logistics Management

Institute, the Institute is requested to undertake the follow-
L ing task:

A. TITLE: Review of Na'i2 Contract Administration
Field ActivitiesLil

B. SCOPE OF WORK: This task entails a review andL analysis of the organization, functional responsibilities,
interface relationships workload trends and staffing criteria
of selected headquarters and field Contract Administration

L! Services (CAS) activities under the command of the Chief of
Naval Material. It is anticipated that some field activities
may be assigned additional important responsibilities over the
next several months. It is appropriate at this time to
evaluate the organization, responsibilities, and personnel
resources of these activities against current and projected

L contract administration requirements.
In performing this task, LMI will:

U 1) Review and analyze the organization, functional
responsibilities, interface relationships, and
workload trends of headquarters and field CAS
activities which will include but need not be
limited to:

L a) Headquarters.

(1) Naval Material Command
S(2) Naval Air Systems Command

(3) Naval Ordnance Systems Command
(4) Naval Ship Systems Command

b) Field:

(1) Naval Air Systems Command Representa-
tive-Atlantic

'I'
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(2) Naval Air Systems Command Representa-
tive-Pacific

j(3) Naval Plant Representative Offices:

(a) Bethpage
(b) Burbank
(c) Dallas
(d) East Hartford
(e) Pomona

(4) Supervisors of Shipbuilding, Con-
_ Iversion, and Repair, USN:

(a) Groton
(b) Newport News
(c) Pascagoula

2) Identify and evaluate variations in organiza-
tion, functional statements, and operations
in the activities in 1) above.

3) Examine the interface relationships of
activities in 1) above with buying and
program offices, with Defense contractors,
and with other DoD personnel resident in
the contractors' plants.

4) Attempt to develop staffing criteria for
field CAS activities. It is expected that
contacts, in addition to those in 1) above,
will be made to obtain meaningful data and
information on correlation techniques and
applicability of proposed criteria.

5) Develop findings, conclusions, and recommenda--
tions and incorporate them in a report, with
supporting information and ratiohale.

2. SCHEDULE: The final report will be submitted by
1 December 1972.

A// Glenn V. Gibson

ACCEPTED I/s/ Mm. F. Finan

DATE 30 March 1971

As extended from 31 March 1972.



RI Paae 3

DBPARTN OF TM •W
MVA'L SHIP SYSTEMS COMMAND

Washington, D.C. 20360

01P2 :GND:llo
Ser 68-01P2

15 Mar 1971

From: Commander, Naval Ship Systems Command
To: Assistant Secretary of Defense (Installations and Logistics)

Subj: Logistics Management Institute review of Navy Contract
Administration Organizations

Ref: (a) ASD (I&L) task order to MI- number SD-271-147, task
71-8 of 1 December 1970

(b) Bureau of the Budget Circular A-11 dtd June 15, 1970

1. Reference (a) tasked the Logistics Management Institute (LMI)
to review and analyze the organization, functi.;nal responsibilities,
interface relationships, and workload trends of various Headquarters

3 Iand field Contract Administration Service (CAS) activities, including
U several of the Supervisors of Shipbuilding, Conversion, and Repair,

and Naval Ship Systems Command (NAVSHIPS) Headquarters.

1 2. It is requested that reference (a) be amended to include the
requirement for identifying workload indicators for the functions

Ii under study which LMI determines would form valid bases for the
development of the staffing criteria in section 13.3 of
reference (b). This information would assist NAVSHIPS in further

I improving workload/workforce balance in these areas.

3. For further information or assistance, Mr. George Deihl
(NAVSHILS) 01P2, 0X2-3190 or 0X2-8191) is the NAVSHIPS point-
of-contact on staffing criteria, and will be available on request.

I
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U Excerpt from
BUREAU OF THE BDGET

Circular A-11
H June 15, 1970

Section 13.3 (underlining added)

13.3 Estimates relating to numbers of personnel.

Estimates Ior the budget year should reflect the
most efficient utilization of manpower (see Bureau
of the Budget Circular No. A-64, as amended by

Transmittal Memorandum No. 1). To the maximum
extent possible, the estimates are to represent
agency plans covering both manpower inputs and
work outputs required for implementing program

U, Lobjectives and exercising appropriate managerial
control, -

Estimates of manpower requirements fcr measur-
L able workloads should be based on forecasts of work-

load and manpower productivity wherever feasible
(see section 24.4). Statistical standards may be used
in the development of productivity trends and to ex-
press the relationship between workload indicators
and manpower requirements.

In The estimates for staffing requirements will assume

that improvements in skills, organization, proce-
dures, and supervision will steadily increase c-d-
"ployee productivity and at the same time maintain
adequate quality. Where automatic data processing
equipment is installed, special gains in employee
productivity will ordinarily be budgeted after the
first year.

Personnel currently authorized will be utilized to
the maximum extent in staffing new programs and
expansions in existing programs, and a reduced
number of personnel should generally be planned
where the workload is stable. Estimates of staffinq
requirements for on-going as well as new programs
will be based upon quantitative forecasts of work-
load for each program, toaether with adequate sub-
stantive data for converting workload to required
personnel. Increases in staffing will be approved
only when it is demonstrated that essential functions
cannot be performed with existing employees.

°ILe o o e o o o o e . e o
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oFICES COA AND VISITEDs

L i Both Phases of the Study

Department of Agriculture

Economic Research Service
Statistical Reporting Service

"Department of Defense

Directorate for Contract Administration Services, Office
of the Assistant Secretary of Defense (Installation &
Logistics)

Defense Supply Agency, Contract Administration Services
Office of Plats anti Management
Executive Directorate for Contract Administration
Executive Directorate for Quality Assurance
Executive Directorate for Production

Department of the Air Force

Deputy Chief of Staff for Systems and Logistics, Directorate
of Procurement Policy

Air Force Systems Command
Directorate of Procurement Support
Air Force Contract Management Division

Department of the Navy

Assistant Vice Chief of Naval Operations
Director of Naval Administration,
History (Naval) Division

Office of Civilian Manpower Management
Manpower Information Division

Deputy Chief of Naval Material(Procurement and Pijduction)
Acquisition Management Review Division
Contract Administration Division
Procurement Management Division

Naval Air Systems Command Headquarters
Organization and Manpower Management Office
Material Acquisition Directorate, Contract Adminis-

tration Service and Quality Assurance Branch
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[• Naval Ordnance Systems Cou&nd Headquarters
Product Assurance Division, Contract AdministrationU Services Branch

Naval Air Systems Command Representative-Atlantic
Naval Air Systems Command Representative
Contract Support Department
Quality Assurance and Engineering Department

Naval Air Systems Command Representative-Pacific

Contract Support Department

Naval Plant Representative Offices
Akron, Ohio
Baltimore, Md.
Bethpage, N. Y.
Burbank, Calif.
Dallas, Texas
Dothan, Ala.
East Hartford, Conn.
Great Neck, N. Y.A Pittsfield, Mass.
Pomona, Calif.
Silver Spring, Md.

Stratford, Conn.
Sunnyvale, Calif.

Supervisor of Shipbuilding, Conversion and Repair Offices
Bath, MaineBay City, Mich. (Resident Office)
Boston, Mass.

Groton, Conn.
New Orleans, La.
Newport News, Va.
Pascagoula, Miss.
Portsmouth, Va.
San Deigo, Calif.
Seattle, Wash.L Sturgeon Bay, Wisc.
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Appndix cf Pagei 1

DEFINITIONS' OF VARIABLES USED

H The results of this study are expressed as equations with

one or more independent variables used to determine the number

of personnel utilized historically to perform the work of an

• • office or division within an office. Because of differences

among SYSCOMs, the variables must be defined to insure

consistent data.

UThe field phase of the study included the gathering of

data on 25 independent and 9 dependent variables. For various

i Hreasons, these were reduced to 22 independent and 6 dependent

variables for NAVPROs and 17 independent variables for

SSUPSHIPS. As a result of our analyses, a total of 8 indepen-

dent variables have been chosen to provide relationships to

i• the 6 dependent variables.

The definitions of the 14 variables finally used are given

below. The definitions of the 20 initial variables which were

1 eventually dropped are available at LMI.

Dependent Variables:

All dependent variables concern the number

of personnel (both civilian and military) in an

'. office or department/division of an office. Thus

variable "total SUPSHIP/NAVPRO personnel" refers

to all government employees, military and civilian,

S.clerical, professional, and supervision, who are

L assigned to a SUPSHIP or NAVPRO office for the

purpose of performing CAS functions. If an unusual,

non-CAS oriented function is assigned to the office

for administrative purposes, its personnel should
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not be included in the total.

The organizational sub-divisions refer to the

usual divisions or departments specified in NAVSHIPS

0900-000-3010 (the SACA•), NAVAIRINST 5000.6, and

NtVONDI•ST 5000.2.

Note that separate equations are not given for

the function of command or command staff--those

individuals not assigned to a specific functional

division but who act in a staff or advisory

capacity to the Commander. They are included in

the equations for total office personnel.

Within the divisions, the variable "personnel"

includes all government employees, military and

civilian, including the division chief.

Independent Variables:

I. Value of Shipments/Progress rayments.

The purpose of this variable is to serve

as a description of the work performed by the

contractor under contracts administered by

the CAS office. The data may be in the

form of progress payments, invoices paid,

or value of goods accepted by the government.

Progress payments are generally ehcountered

in *lngle unit, high value items (i.e., new

ship construction). Value of goods accepted

is generally encountered in multiple-unit,

long term contracts such as air frames,

engines, and electronics. Invoices paid

are usually descriptive of short term efforts

such as repair work or purchases of spares.
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1 In all cases, we attempted to use that measure

which provided the most accurate value descrip-

U tion of the contractor's work.

The forms used as data sources were NAVSHIPS
4350/4, NAVAIR 5220 and NAVORD 4330-14.

2. Changes.

During the life of any contractual docu-

ment, changes and modifications are made that

must be evaluated in some way by the CAS office.

U These changes are designated by many terms in

the various commands and offices. We attempted

to insure that all significant work-producers

were counted and, therefore, were unable to

Uuse the same term in all offices.

Basically, however, we requested informa-

) tion on cost/price proposals in NAVPROs and

changes and job order modification in SUPSHIPs.

We found a very poor availability of data

:|i on changes and relied heavily on personal and

local files. Because of this, we believe that

LI the raw data on changes to be the least reliable

of the variables used in the final equations.

14 3. Number of Firm Fixed Price (FFP) Contracts.

This variable covered only major contracts

L and excluded all other contractual documents such

as purchase orders, job orders, letter contracts,

etc. In-SUPSHIPs, the only office where this

. •variable showed as significant, we obtained

ij I. data on FFP new contraction and overhaul con-

tracts and Master Ship Repair contracts.

4 -..
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4, Terminations and Closeouts.

this variable was significant only for

SUPSHIPs. For NAVPROs, the term includes only

terminations for cause or convenience and com-

pletions or closeouts of contracts excluding

purchase orders, job orders, etc. For SUPSHIPs,

however, the term also includes the completion

or closeout of job orders under Master Ship

Repair contracts in addition to new construction

and major overhaul contracts.

5. Value of Government Property.-

This variable includes the value of land,

buildings, industrial plant equipment, special

tooling and special test equipment held by the

contractor. The variable excludes material and
other special categories such as bailed aircraft,

floating drydocks, military equipment, etc.

6. Contracts over 90% Completed.

This variable was used for NAVAIR NAVPROs

only. It refers only to prime contracts on

which over 90% of the hatdware has been delivered

and the contract is still open.

7. Co1 .tractor Personnel - Technical and Production.

The final equations included contractors'

production personnel for SUPSHIPs and contractors'

technical personnel for NAVPROs. In both cases

the data include only the contractor personnel

involved in government work under the cognizance

of the local CAS office.
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For SUPSHIPS, the data were available from

NAVSHIPS form 4350-2. For NAVPROs, the data

were obtained directly from the contractor on

the basis of consistency with OMB 22-R-261.

Variables for which data were collected but not used

1. Dependent variables

a) SUPSHIP/NAVPRO operating budget

b) SUPSHIP/NAVPRO total civilian hours paid

c) SUPSHIP/NAVPRO personnel on Command staff

2. Independent variables

a) Number of contractors serviced

b) Number of plants serviced

c) Average distance to plants serviced

d) Type of contractor facility

e) Number of items of government property

held by contractor

f) Undelivered balance of production and

"R and D contracts administered by

SUPSHIP/NAVPRO

g) Number of contract documents (active and

inactive) being administered by SUPSHIP/

NAVPRO

h) Number of cost-type prime contracts being

administerea by SUPSHIP/NAVPRO

i) Number of fixed-price-incentive prime

contracts being administered by SUPSHIP/

NAVPRO

j) Number of government agencies with contracts

j administered by SUPSHIP/NAVPRO

I



I Appendix C
il p'acqe 6

U k) Number of :contractores purchase orders

submitted for SUPSHIP/NAVPRO approval

1) Value of contractor's purchase orders

Ssubmitted for SUPSHIP/NVPRO approval

-'a) Number of forms DD 250 processed

n) Number of Quality Assurance personnel

employed by contractor on government

work

o) Number of clerical personnel employed by

contractor on government work

p) Number of managerial personnel employed by

Sq).contractor on government work

q). Total contractor employees on government

L. rk

I I, I
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INPU DATA TO ANALYSIS

The following is a table of the data upon which our analy-

sis was based. Values are shown only for those variables which

H are represented in a regression equation. Data collected for

variables which were later found to be insignificant are

omitted. It should be noted that only the time periods

underlined were actually utilized in computing the equations.

'Where a better fit was found by transforming the variable to

logarithmic form, the transformation was made but the data on

the table reflect the raw values. In some cases when values

of variables were missing, the mean for that office was

fj ubstituted in its place. The sub-totals for each department

do not add up to the total for an office because the personnel

on the Command staff were not included.

See Appendix C for precise definition of variables.

L.i

ii.

I.

I '
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STATISTICAL EQUATIONS

%The computer-proqram'iused to run the regression analysis

was the Stepwise 'Regression (BMDO2R) of the Biomedical statis-

tical package. Stepwise computes a sequence of regression

equations, at each step adding to the equation that variable

which makes the"greatest' re4uction in the, error ium df the

squ~ress. It is the; variable with the highest partial

correlation with the dependent variable after accounting for

the variables already added.

The BMD source is writt'en in FORTRAN and is generally

available. We used a CDC 6600 series comp~uter. The BMD

reference manual'clearly states the ,input format of thi

control cards to be used. The Input data were punched into

cards and the appropriate fields tr'ansformed to logarithmic

form.

The statistical definitions and formulae referenced in

the text of this report were 'the standard mathematical

equations developed in most books but will be described

below for the ,reader's'conveniencei

1. Mean or averageI i n

I X

'where X is the ith observation

2. ýRange of o.bw:irvation of X equals'
X

max ~

where X and Xi are the maximum and minimum
ma m

values of X respec~ively.
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3. Variance of X = c 2

n

.2 20"= i - X)

n

4. Standard deviation of X =

5. Coefficient of variation CV

CV-

where X is the mean of X

6. Coefficient of correlation =TxfTy

n
(X.-X) (Yi-Y)

S- i=1 1

\i=l i=l

Y)2

7. Coefficient of determination = R2

R2  explained-sum of squares
total sum of squares

n A -2S(y i-Y)2
~i (-iY

n -2nZ (Yi Y )2

il

A
where Y = b + b1 X (computed value of Y. at X.)

Y. = actual value of Y at X.
1 1
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8. F ratio

Svariance explained by regression equation
residual variance

SYA -2

X(Y If )/ (nk)
L. i=l

where k is the number of degrees
of freedom associated with -re-

gression equation and n is the
number of observations.

9. Confidence interval on Y evaluated at X1 equals

.... Yi + t (v, l-C()_ . y.x
2

where t (v, 1.- ) is the t statistic corresponding
2

to v degrees of freedom and a two-tailed 1 -•

* confidence interval.

10. Residual e.

e i = Yi - bo - blXi

represents the difference between the computed and
actual values of Y at X.

1I
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REGRESSION EQUATIONS FOR DEPARTMENTS/DIVISIONS

In addition to finding a regression equation relating

total personnel on board with its explanatory variables, the

department/divisions for the offices were also investigated.

By the very nature of a statistical approach to problem solving,

a range of values rather than a point estimate is to be inferred

from the equations. This range is given below for 68% and

95% coafidence intervals respectively about the mean of

whre = b + bl Xi"

In theory the range about the mean is the minimum so we

must consider this the best possible case. The range of

variance for personnel is large when predicting a subset of

the total office. The equations represent relationships found

to be true in the past and cannot be sensitive to changes in

organization policy or shifts of emphasis that may occur in

the future. We do not, therefore, recommend that the equations

be used for predictive purposes without appropriate management

action. The departments studied were:

1. Administration

2. Contracts

3. Engineering/Planning

4. Quality Assurance

5. Materials/Industrial

The equations and corresponding statistics are given below for

each of the Commands. (See Appendix C for a more detailed

definition of the independent variables).
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ADJUSTMENT FOR SERIALIZATION

When measuring observations for the same data over time

in one office, there is danger that serialization may have

taken place. In other words, the value of an observation is

partially affected by preceding and subsequent values of the

jj same data in addition to the effect of another variable. If

serialization exists in a data set, the method of least squares

may not give the best estimate of the relationships.

To test for serialization, we applied the Durbin-Watson

statistic, d, 1  as defined by the equation

i - - - - Y•. d =i=2

ni A '2L (Y-Y)

The data sets for ten consecutive points in time showed

a positive result in serial correlation.

To overcome this potential defect in the regression

equations, we arbitrarily chose time points 2, 6, and 9 for

"SUPSHIPS and 2, 5, 7, and 9 for NAVPROs as the bases for the

regression equations. In most cases, the test for serializa-

tion then proved negative. Since the equations were very
similar, we chose those equations based on the smaller number

of time points. The following tables present the equations

developed together with the Durbin-Watson statistic for each

and a table of the relevant ranges for the statistic, d.

1) For a description and discussion of the Durbin-Watson
statistic, see Statistics-An Introductory Analysis, 2nd Edition,
T. Yamara, Harper and Row, New York, 1967, pp. 809-813.
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I TEST LIMITS FOR SERIALIZATION

UA The d Statistic

Significance points of dL and %: 5%

SNumber of variables 1 2 3

SNumber of ob servations dL dL dL %

j 20 1.20 1.41 1.10 1.54 1.00 1.68

28 1.33 1.48 1.26 1.56 1.18 1.65

30 1.35 1.49 1.28 1.57 1.21 1.65

50 1.50 1.59 1.46 1.63 1.42 1.67

70 1.58 1.64 1.55 1.67 1.52 1.70

100. 1.65 1.69 1.63 1.72 1.61 1.74

if

d < dL positive serial correlation exists

d > dU there is no positive serial correlation

dL< d <dU the test is inconclusive

L U!

Tt
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